Background
This report presents the results of an analysis performed by Pacific Northwest National Laboratory (PNNL) for the City of Sacramento-under the U.S. Department of Energy's Energy Efficiency and Renewable Energy Office of Weatherization and Intergovernmental Projects Technical Assistance Program (TAP)-to help determine the potential for incorporating energy efficiency standards into the City's existing Rental Housing Inspection Program (RHIP) as part of Sacramento's efforts to create a Climate Action Plan.
Under the current RHIP, the City inspects rental housing (both single family and multifamily) for blight, health, and safety only. All parcels with rental units are inspected within the first 5-year program cycle. The program is paid for by an annual assessment ($28) on all rental units in Sacramento. The scope of this TAP effort was to help develop several program options as part of the Climate Action Plan, including a conceptual program(s) description, expected energy savings, program costs and fee increases, and benefits such as the potential for job creation and lower energy bills for occupants. Identifying potential incentives was also important.
Key factors identified by City staff that influence the potential effects of incorporating energy efficiency weatherization standards into the RHIP include: 1 
Split incentives:
Rental housing is less likely to be retrofitted for energy savings than owner occupied housing. Landlords are less likely to invest in energy efficiency, not realizing the potential for increasing value to their property and not benefiting from reduced operating costs which are borne by the renters. Conversely, renters rarely invest in property they don't own. The result is housing that is less energy efficient.
High number of rentals:
In 2010, about 90,000 units, or 46% of Sacramento's total housing, were rentals.
3. Older, inefficient housing stock: Sacramento's housing stock is relatively old. Approximately 65% of housing units in the city were built before the advent of California's Title 24 Energy Efficiency Standards in 1978. Furthermore, many, if not most, of these are single family homes. Single family homes tend to be less energy efficient than multifamily dwelling units of similar size and age, due to the self-insulating effect of shared walls and ceilings in attached housing. Retrofitting older, less efficient housing offers a relatively high cost/benefit ratio when compared to other energy investments, such as investing in renewables.
4. Income-based need for reduced energy cost: Over half of the households in Sacramento are low income (19% low income; 14% very low income; 18% extremely low income). Improving the energy efficiency of rental housing would likely save money for those who need it most.
Potential job creation:
There is potential to create new jobs. The number of jobs created would depend on how many units are weatherized and the level of improvement required. Currently, the City inspects 18,000-20,000 rental units per year.
The challenges identified by City staff include:
1. Funding for staff (mostly inspectors): The City has had several years of layoffs, and additional staff would be needed to implement weatherization inspection as part of the RHIP. The ideal program would be streamlined to minimize the number of new staff required.
Balanced program expansion:
Balancing the need to create jobs, reduce energy costs for low income families, and meet the City's greenhouse reduction goals with the need to expand the RHIP program in a way that minimizes cost increases to rental property owners.
Analysis Summary
Three sample weatherization programs were identified for incorporation into the RHIP:
1. Basic weatherization -both voluntary and mandatory 2. Full house performance 3. Full house performance with enhanced options PNNL assumed each program would require an inspection, or audit; and a determination would be made for each unit as to the appropriate weatherization measures. The market penetration rate assumptions are based on background information provided by the City regarding age of housing stock and effect of weatherization on typical housing stock as illustrated using the Sacramento Municipal Utility District (SMUD) Home Energy Calculator. 2 The following metrics were developed for each program:
1. Program cost, staffing, and jobs created 2. Estimated annual energy cost savings As illustrated in the comparison in Table 2 .1, the mandatory basic weatherization shows the greatest potential when considering effect per full-time equivalent (FTE) of City staff. However, depending on market penetration rates, the voluntary basic weatherization may provide the same benefit ratio. The numbers below assume 1%-3% of those units in the RHIP would participate in the voluntary weatherization program. 
Methodology

Program Description
Each of the four program descriptions was based on established weatherization programs, and SMUD programs were used as a local benchmark.
Cost, Staffing, and Jobs Created
Estimates for staffing needs and jobs created were based on typical durations associated with the varying levels of inspection, and then calculated based on anticipated market penetration to determine an approximate number of FTEs needed. Weatherization jobs were estimated based on typical hours per job, as provided by a major local contractor. 3 Assumptions for the analysis of each program were documented in the analysis.
Estimated Annual Energy Cost Savings
The energy savings were calculated based on three typical rental units, estimates from SMUD's anticipated savings, and SMUD's Home Energy Calculator. The utility savings include both gas and electricity. The typical rental units include two single family homes, circa 1950 and 1970, and an apartment, circa 1980. Savings were estimated based on input from a local contractor3, PNNL staff experience, coupled with SMUD and U.S. Environmental Protection Agency ENERGY STAR estimates 4 , and verified with SMUD's calculator.
Sample Program Levels
Basic Weatherization
Under this basic weatherization program, the RHIP inspection would expand to look for opportunities to improve energy efficiency, such as adding insulation, weather-stripping, adding water heater blankets, and fixing leaky faucets. The inspection would be conducted visually and would not include home performance testing such as duct or blower door tests included in the options discussed in Sections 4.2 and 4.3. Expanding the current RHIP inspection to include basic weatherization audits is estimated to add 2 hours to each inspection.
Voluntary Implementation
As a voluntary addition to the RHIP, the basic weatherization program would have an estimated market penetration of 1%-3%. Adding 2 hours to 1%-3% of the current 18,000 annual inspections equates to an additional 360-1080 labor hours. Assuming 2080 hours per year, this equates to approximately one-half to one annual FTEs of inspection staff. Local contractors estimate 32 hours of labor per home on basic weatherization. This equates to 3-8 FTEs of local weatherization jobs.
Mandatory Implementation
As a mandatory addition to the RHIP, the basic weatherization program would increase 75% of all 18,000 annual inspections by 2 hours each, which equates to an additional 27,000 labor hours. Assuming 2080 hours per year, this equates to approximately 13 annual FTEs of inspection staff. It also equates to 207 FTEs of home weatherization jobs.
Estimated Annual Energy Cost Savings
Based on the typical age and construction features of the current rental housing stock and estimates from the Energy Upgrade California program 6 , and using SMUD's Home Energy Savings calculator, an average 15% estimated annual energy cost savings is estimated, resulting in an annual savings of $330-$420 per household annual assuming a typical current utility cost of $2200-$2800.
Voluntary Implementation
Again assuming a market penetration of 1%-3%, voluntary implementation of basic weatherization would save between $118,800 and $226,800 in utility costs annually across the city. This would decrease demand on local utilities and provide utility payers with money that could be saved or spent elsewhere.
Mandatory Implementation
Assuming a market penetration of 75%, mandatory implementation of basic weatherization would save between $338,000 and $438,000 in utility costs annually across the city. This would decrease demand on local utilities and provide utility payers with money that could be saved or spent elsewhere.
Full House Performance
Description
The full house performance program builds on the basic weatherization features in Table 4 .1, and includes additional prescriptive improvements and home testing. Table 4 .2 identifies the elements of the voluntary comprehensive performance-based weatherization program. This list is consistent with typical performance audits, including the State of Oregon's guidance 7 and the current SMUD list of comprehensive performance upgrades.5 Because of the more comprehensive nature of this program, the analysis assumes it would only be proposed as a voluntary program, and market penetration rates reflect that assumption. 
Program Cost, Staffing, and Jobs Created
Based on PNNL staff field experience and estimates from contractors, full audits, including documentation, take 8-12 hours. Because of the more comprehensive nature of the audits and potential costs for improvements, PNNL assumes a market penetration rate of 1%-3%. Adding 10 hours to 1%-3% of the current 18,000 annual inspections equates to an additional 1800-5400 labor hours. Assuming 2080 hours per year, this equates to approximately 1-2.5 annual FTEs of inspection staff. Local contractors estimate 184 hours per home on a full house performance retrofit. This equates to 16-48 FTEs of local weatherization jobs.
Estimated Annual Energy Cost Savings
Based on the typical age and construction features of the current rental housing stock, and using SMUD's weatherization savings calculator, an average 50% savings is estimated, resulting in an annual savings of $1100-$1400 per household, assuming typical annual current utility cost of $2200-$2800.
Again assuming a market penetration of 1%-3%, full house performance would save between $198,000 and $756,000 in utility costs annually across the city. This would decrease demand on local utilities and provide utility payers with money that could be saved or spent elsewhere.
Full House Performance with Enhanced Options
Description
The full house performance with enhanced options program includes the basic weatherization features in Table 4 .1 and the additional prescriptive improvements and home testing in Table 4 .2, and adds enhanced options of GreenPoint third party verification and labeling, onsite power generation, and water conserving landscaping, as shown in Table 4 .3. The enhanced options are more fully described on the Energy Upgrade California website. 
Program Cost, Staffing, and Jobs Created
Based on PNNL staff field experience and estimates from contractors, full audits, including documentation, take 8-12 hours. Because of the more comprehensive nature of the audits and potential costs for improvements, PNNL assumes a market penetration rate of 1%-3%. Adding 10 hours to 1%-3% of the current 18,000 annual inspections equates to an additional 1800-5400 labor hours. Assuming 2080 hours per year, this equates to approximately 1-2.5 annual FTEs of inspection staff. Assuming 25% additional local contractor labor for the enhanced options (230 hours per home) results in 20-60 additional FTEs of weatherization jobs. Additional costs may be incurred by the property owner for third party verifications, or certifications.
Estimated Annual Energy Savings
Full house performance with enhanced options is not assumed to provide greater estimated annual energy cost savings than full house performance alone. Measuring the complete effects associated with added options such as GreenPoints and the benefits of onsite power generation involves many variables and is beyond the scope of this analysis.
Again assuming a market penetration of 1%-3%, full house performance with enhanced options would save between $198,000 and 756,000 in utility costs annually across the city. This would decrease demand on local utilities and provide utility payers with money that could be saved or spent elsewhere.
Incentives
Incentives can include financial compensation, time benefits, and public recognition.
Financial Incentives
Local incentives are currently available for individual elements of weatherization, including the following. 9 Information on any future incentives is not available.
• Duct sealing: $300
• Central air conditioner: $400-$1100 depending on efficiency of replacement unit • Solar water heating: $500-$1500 depending on efficiency of replacement unit
• Whole house fan: $100
Local incentives of up to $5000 are also currently available through SMUD's Home Performance Program.9
While the SMUD rebates do not cover the enhanced options, other incentives are available, including California Solar Initiative incentives. 
Time Benefits
Some may consider the permitting process to be too time-consuming and expensive. The Sacramento Green Building Task Force recommendations include a discount in fees for buildings that qualify as a green building. To address this, jurisdictions can establish a discounted fee and "fast track" for permitting desired weatherization and energy efficiency and conservation projects. For a list of California jurisdictions with these mechanisms, see the National Listing of Above Code, High Performance, and Green Building Programs.
11
Public Recognition
Publicity increases consumer awareness, helps create a market for energy efficient building, and ultimately helps to transform development patterns and methods. Property owners need to know they are following a program that consumers want. The Sacramento Green Building Task Force recommended that local developers and project certifications be celebrated at city council/board meetings and other public meetings to help raise awareness. Effective publicity by the jurisdictions and property owners can both teach the public about the benefits of the program and create a stronger market for energy efficient rental properties. Jurisdictions can raise the profile of energy efficient rentals by publicly applauding the efforts of retrofitters through strategies such as a press release, a ribbon cutting with the mayor, prominent signage, or subsidized marketing through their websites.
Programs such as the RHIP that require builders to register as program participants provide a mechanism for marketing the property owner, and a way to follow-up in other areas.
a,12
Of course, third party verification with ENERGY STAR or GreenPoint Rated Label 13 also provides tools for public recognition.
Conclusion
Based on the analysis and all assumptions as described, the basic weatherization program shows the greatest potential for city-wide energy savings per RHIP inspection staff FTE. Although full house performance provides much greater energy savings per home, the number of FTEs needed to implement full house performance is much greater and the program has a lower assumed market penetration rate, providing less impact city-wide. 
